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Abstract. We have investigated the magnetoelectric properties of (Cai_:cSra;)2CoSi207 
^ ■ (0 < a: < 1) crystals with a quasi-two-dimensional structure. In Ca2CoSi207 (a; = 0), a canted 

antiferromagnetic transition occurs at 5.6 K. The transition temperature Tn is increasing with 
increasing Sr concentration, and the rises of the magnetization and dielectric constant become 
^ • larger. Since the dielectric constant shows large change at Tn and the magnetocapacitance 

effect is observed below Tn, a coupling between the magnetism and dielectricity is strong in 
(Cai_a;Sra;)2CoSi207. The positive magnetocapacitance is reduced by Sr substitution, and is 
not observed in a; > 0.5. Namely, the compound of a: > 0.5 does not show the magnetic-field- 
induced electric polarization. On the other hand, the negative magnetocapacitance is enhanced 



(— I . by Sr substitution. 

o ■ 



^ . 1. Introduction 

0^ ! Since the discovery of novel ferroelectricity due to spiral spin structures in TbMnOa [1] , materials 

*^ ' with spin frustration or nontrivial spin structures have attracted renewed interest as a promising 

candidate for new magnetoelectrics. The mechanism of the magnetic ferroelectricity is well 
explained by spin-current model [2] or exchange striction one^. According to spin-current model, 
■ the ferroelectricity originates in a spiral spin structure. On the other hand, up-up-down-down 

On ! spin order induces electric polarization through exchange striction. However, the multiferroic 

' materials that are not able to be explained by these models are recently discovered. 

Yi et al have reported that Ba2CoGe207 is such a new class of multiferroic materialsjl]. 
k><( , In this context, we have focused on Ca2CoSi207 and Sr2CoSi207, which have the same crystal 

^ ■ structure as Ba2CoGe207: C0O4 and Si04 tetrahedra are connected with each other through 

their corners to form two-dimensional layers, and the two-dimensional layers are stacking 
along the c axis with intervening Ca or Sr layers (Fig. 1 (a), space group P42im[S]). Both 
compounds show the large magnetocapacitance, but their magnetoelectric properties are quite 
different from each other. In Ca2CoSi207, electric polarization is induced perpendicular to 
the c axis by applying magnetic fields parallel to the c axis below canted antiferromagnetic 
transition temperature (Tn = 5.6 K). The large positive magnetocapacitance in Ca2CoSi207 is 
caused by a magnetic-field-induced canted antiferromagnetic-paramagnetic transition [6]. On 
the other hand, Sr2CoSi207 does not show electric polarization even in magnetic fields. 
However, Sr2CoSi207 show the large negative magnetocapacitance along the c axis by applying 
magnetic fields perpendicular to the c axis, and canted antiferromagnetic transition temperature 
(Tn = 6.7 K) is higher than Ca2CoSi207t7]. These results suggest that the mechanism 
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Figure 1. (a) Schematic crystal structure of (Cai_i:Sra:)2CoSi207 projected onto tiie ab plane 
(left) and ac plane (right). Temperature profiles of (b) specific heat, (c) magnetization, and 
(d) dielectric constant normalized by £(10K) in (Cai_3;Sra;)2CoSi207. The inset of panel (d) 
shows Sr concentration x dependence of canted antiferromagnetic transition temperature Tn 
and lattice volume V. 

of the large magnetocapacitance is different from each other. For further understanding 
of the magnetoelectric properties of this system, we have systematically investigated the 
magnetoelectric properties of the series of (Cai_a;Srj;)2CoSi207 (0 < x < 1) single crystals. 

2. Experiment 

The single crystalline samples were grown by the floating zone method. We performed X-ray- 
diffraction and rocking curve measurements on the obtained crystals at room temperature, and 
confirmed that all samples have the tetragonal P42im structure without any impurity phases 
or any phase segregation. The structural symmetry is unchanged over the whole Sr substitution 
range. All specimens used in this study were cut along the crystallographic principal axes into 
a rectangular shape by means of X-ray back-reflection Laue technique. The magnetization and 
specific heat were measured using a commercial apparatus (Quantum Design, Physical Property 
Measurement System (PPMS)). The dielectric constant was measured at 100 kHz using an LCR 
meter (Agilent, 4284 A). 

3. Results and Discussion 

We present in Fig. 1 the temperature dependence of (b) specific heat, (c) magnetization, and 
(d) dielectric constant normalized by e(lOK) in (Cai_j;Sr-r)2CoSi207. The magnetization shows 
a jump when applying magnetic fields perpendicular to the c axis, indicating that a canted 
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Figure 2. Normalized magnetocapaci- 
tance of (Cai_^Sra;)2CoSi207 crystals at 
5 K as a function of an external magnetic 
field, (a) The dielectric constant perpen- 
dicular to the c axis measured in magnetic 
fields along the c axis, (b) The dielectric 
constant parallel to the c axis measured 
in applied magnetic fields perpendicular to 
the c axis. 
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antiferromagnetic transition occurs at the temperature. This magnetic transition does not 
accompany any thermal hysteresis, meaning that it is of second-order. The dielectric constant 
parallel to the c axis shows an abrupt increase below Tn. With increasing Sr concentration x, 
Tn is increasing, and the rises of the magnetization and dielectric constant become larger. 
Since the dielectric constant shows large change at Tn, a coupling between the magnetism and 
dielectricity is strong in (Cai_x.Srx.)2CoSi207. As shown in the inset of Fig. 1 (d), the lattice 
volume is growing by Sr substitution. It is clear that the growth of the lattice volume is due to 
the larger ionic radius of Sr than Ca. The crystal structural changes as detected by the growth 
of the lattice volume enhance the antiferromagnetic super exchange. As a result, Tn increases. 

Figures 2 shows the magnetic field dependence of the magnetocapacitance at 5 K. In 
(Cai_^Sr2,.)2CoSi207, the positive and/or negative magnetocapacitances are observed below 
Tn, depending on the Sr concentration x and the measurement configurations. The positive 
magnetocapacitance is observed perpendicular to the c axis for x < 0.2 when magnetic fields 
are applied parallel to the c axis (Fig. 2 (a)), and electric polarization is induced. This 
magnetocapacitance effect is caused by a magnetic-field-induced canted antiferromagnetic- 
paramagnetic transition}^. The positive magnetocapacitance is reduced by Sr substitution, 
and not observed in x > 0.5. The compounds of x > 0.5 does not show the magnetic-field- 
induced electric polarization. In Ca2CoSi207 {x = 0), structural phase transition between the 
commensurate and incommensurate phases is observed at 234 K much higher than Tn[8]. It is 
probable that the anomalous crystal structure of Ca2CoSi207 is closely linked to the appearance 
of the magnetic-field-induced electric polarization. However, it is not observed in the compounds 
of X > 0.5. These results suggest that the structural phase transition is significant for the 
magnetic-field-induced electric polarization of Ca2CoSi207. In contrast, with applying magnetic 
fields perpendicular to the c axis, (Cai_^Sr^)2CoSi207 over the whole x range shows the negative 
magnetocapacitance effect along the c axis (Fig. 2 (b)). However, electric polarization is not 
observed for x > 0.5 even in this measurement configuration. The negative magnetocapacitance 



is enhanced by Sr substitution. The negative magnetocapacitance is due to the suppression of 
dielectric constant below Tn against magnetic fields. The scale of negative magnetocapacitance 
well corresponds with the variation of temperature dependence of dielectric constant in a zero 
magnetic field (Fig. 1 (d)). 

4. Conclusion 

In summary, wc have investigated the magnetoelectric properties of (Cai_2;Sr2;)2CoSi207 
(0 < X < 1) crystals and have observed the positive and/or negative magnetocapacitance effects 
depending on the Sr concentration x and the measurement configurations. By the substitution 
of Sr for Ca, a canted antiferromagnetic transition temperature Tn is increasing, and the rises of 
the magnetization and dielectric constant become larger. The positive magnetocapacitance 
and magnetic-field-induced electric polarization are suppressed by Sr substitution, and is 
not observed in x > 0.5. The structural commensurate-incommensurate phase transition 
at much higher temperatures than Tn seems to be significant for the magnetic-field-induced 
electric polarization of (Cai_a;Sra;)2CoSi207. In contrast, Sr substitution enhances the negative 
magnetocapacitance arising from the different origin. 
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